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Previous studies on habitat selection by stone martens (Martes foina) indicate that they
occupy a range of different habitats and geographical regions from forest and rocky areas
to human environments (LiBors and WAECHTER 1991). In most of central Europe, the
stone marten is mainly associated with human environments (WAECHTER 1975; SKIRNISSON
1986; LiBors and WAECHTER 1991; HERRMANN 1994). In contrast, in central Spain (Mediter-
ranean region), the species prefers forest to human enviromnents in forest-dominated
landscapes (VirGés and Casanovas 1998). However, in such landscapes, stone martens
may also occur in rocky areas (HEPINER and Naumov 1974; DEeLiBES 1983; Liois and
WAECHTER 1991), which is thought to be their preferred habitat in most of the Mediterra-
nean area (WAECHTER 1975; DELIBEs 1983). Stone marten preference for forest or rocky
landscapes in Mediterranean landscapes, therefore, needs to be evaluated in the field.

In this study, we investigate the presence of stone martens in different landscape types
in central Spain during winter, a very restricted season for marten species.

The study was carried out in the mountains of central Spain (Sierra de Guadarrama,
40°40’' N-3°51' W, Madrid province) over 1600 km?”. Fifteen relatively homogeneous 4 x 4-
km patches (henceforth known as plots) were selected in terms of their rock and tree cov-
er, vegetation formations, and predominant human usage. All plots were located between
1100 and 1350 m a.s.l. and were at least 2.5 km apart. The predominant vegetation is
pine forest (especially Scots pine Pinus sylvestris) as the stone marten is known preferen-
tially to select this forest type in the mountains of central Spain (VirG6s and CASANOVAS
1998). The selected plots have a warm, semi-dry, Mediterranean climate with cool sum-
mers and moderately cold winters, with snow being not uncommon but not very persis-
tent (Rivas-MARTINEZ et al. 1987). Human land-use was similar between plots, the most
important being weekend recreational use and forestry. Hunting is restricted, only being
allowed in the study areas when wild boar Sus scrofa populations increase.

Plots were classified as rocky, forested or mosaic according to estimated tree and rock
cover (Tab. 1). Thus, we assigned a plot to the forest category when tree cover in that plot
was above 50% and rock cover under 10-15%. Similarly, we considered a plot to be lo-
cated in a rocky landscape when rock cover was over 50% and tree cover under 10%.
Landscapes with rock and tree cover not included in the intervals mentioned for rocky
and forested landscapes were classified as mosaic.

The study was carried out from November to early March 1996 and 1997, the more
restrictive season for martens (BUskirk et al. 1988; LiBois and WAECHTER 1991). Stone
marten scat was sampled by walking a series of routes along randomly selected tracks

0044-3468/00/65/06 -375 $15.00/0



376 E. VIRGOs et al.

Table 1. Mean tree and rock cover, number of sampled sections and frequency of occurrence of scat
in the different plots sampled in relation to defined landscape types.

Landscape type Tree cover Rock cover Number of sampled Scat frequency

(%) (%) sections of occurrence
Rocky 5.6 76.4 16 0.06
Rocky 2.0 51.9 10 0.10
Rocky 0.4 50.0 12 0.08

Rocky 2.5 477 13 0

Rocky 0.8 54.4 16 0.06
Mosaic 19.4 62.1 15 0.27
Mosaic 49.2 29.1 13 0.31
Mosaic 211 45.0 10 0.70
Mosaic U2 21.2 16 0.62
Mosaic 52.0 43.0 9 0.44
Forested 57.3 8.9 11 0.64
Forested 45.8 9.9 16 0.19
Forested 74.8 1.2 16 0.06
Forested 50.9 9.1 11 0.45
Forested 66.2 12.5 16 0.06

and paths in the plots (WAECHTER 1975). In order to avoid potential differences in visibi-
lity, we sampled tracks of similar width and vegetation characteristics. Minimum and max-
imum distances travelled were 2.25km and 4 km, respectively, along a 2 m-wide belt.
Each route was divided into 250 m-long sections in which we recorded the presence or
absence of stone marten scat and scat number (see CLEVENGER 1993 for similar proce-
dures). Eight of the 15 plots were sampled in both winters to test for possible changes in
occurrence patterns within plots between years. The remaining 7 plots were only sampled
in the second winter. In addition to scat searches, we estimated both tree and rock cover
along each route. Cover estimation of these variables was made at the midpoint of the
250 m sections on each route by visual inspection. The number of 250-m sections sampled
per plot is given in table 1.

To study the distribution pattern between the different landscape types, a frequency
of occurrence index was used, measured as the number of sections with scats divided by
the total number of sections sampled for each plot. To evaluate the potential differences
in the frequency of occurrence between the two years, we performed a Fisher exact test
applied to a 2 x 2 contingency table with the number of sections with stone marten pre-
sence or absence as rows and the years as columns (SokaL and RoHLF 1981). Stone mar-
ten distribution pattern between the different landscapes was analysed using a fixed one-
way ANOVA with the numbers of sections with scat (frequency of occurrence) as a re-
sponse variable and landscape type (rocky, forested or mosaic) as the fixed factor. The
frequency of occurrence values were logarithm-transformed to obtain data normality and
homocedasticity prior to analyses.

The plots did not show significant differences in the frequency of occurrence values
between the two study years (1: p=0.99; 2: p=0.39; 3: p=0.99; 4: p=0.11; 5: p=0.21; 6:
p=020; 72 p=0.99; 8 p=0.99). Our results indicate that the distribution pattern was
fairly constant at least for two consecutive years. Thus, only the data from the second win-
ter with a larger sample were used in the subsequent analyses.

The different values of the frequency of occurrence index between landscape types
were highly significant (Fig. 1). The Duncan post-hoc test shows that these differences are
due to lower numbers of stone marten in rocky areas compared with mosaic and forested
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F(2.12y"7-29, p<0.01
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Fig. 1. Results of the one-way ANOVA with landscape type as a fixed factor (three levels) and number
of sections in the transects with stone marten scat (frequency of occurrence) as response variables.

landscapes. No statistically significant differences occurred between the forested and mo-
saic landscapes (p = 0.12).

Research on stone marten habitat preferences has focused on radio-telemetry of sev-
eral marked individuals within small areas (e. g. SKIRNISSON 1986; HERRMANN 1994; GENoO-
VESI et al. 1996), where habitat selection was evaluated at individual levels (e. g. decision-
making within home ranges). Our interest in habitat preferences at the population level
makes comparisons with previous studies difficult and probably biased. However, several
important points can be discussed regarding the results.

In contrast to previous studies (LiBois and WAECHTER 1991), the stone marten shows a
certain habitat choice in the mountains of central Spain (see also VIrRGs and CASANOVAS
1998). Thus, on a regional scale, the stone marten is found in greater numbers in the mo-
saics of forest-rocky areas than in mainly rocky landscapes without forests in contrast to
earlier results in other arcas (HEPTNER and Naumov 1974; WAECHTER 1975; DEeLIBES 1983).
We may suggest that, like other Martes species (BUskiRk and PoweLL 1994), the stone
marten presents a definite forest habitat preference when living in forest-dominated land-
scapes. In contrast, in non-forested landscapes, a habitat shift to open landscapes, such as
rocky areas in some Mediterranean areas or buildings in central Europe (see discussion
in VIRGGs and Casanovas 1998) would probably be advantageous for the species. Thus, in
the non-forested but rocky areas of some Mediterranean regions (e.g. the Spanish pla-
teau) the stone marten may occur in the rocky landscapes of hills or canyons.

The above-mentioned pattern could be explained by a combination of the mechanisms
put forth to explain habitat selection in stone martens: food, predation risk, and shelter
(LiBois and WAECHTER 1991; HERRMANN 1994; THoMPsON and HARESTAD 1994) despite the
lack of quantitative estimates for them. We suggest that the low numbers in rocky land-
scapes could be explained by the high potential predation risk due to low tree cover and
high numbers of eagle-owl (Bubo bubo), one of the most important predators on stone
marten (WAECHTER 1975). Other predators such as red foxes and dogs are widespread and
probably may affect stone marten numbers similarly in all landscape types. Therefore,



378 E. VIrG6s et al.

they cannot produce the differences in abundace detected. Food availability (especially
rodents, insects, and fleshy fruits) is probably as abundant in rocky landscapes as in
forested or mosaic landscapes. Thus, rodents occur in similar numbers in the different
landscape types, which are located at the same elevation and in similar scrub composition
and cover, both being the main determinants of abundance and diversity of these taxa in
mountains (OWEN 1990; ALCANTARA 1992). Fleshy fruits are mainly located along small
streams (Rivas-MARTINEZ et al. 1987), which were very common in all the study plots.
Shelters (rock holes or hollow trees) were widely available over all plots and landscape
types. Therefore, these factors are probably less important than predation risk as a reason
for the low numbers of stone marten in rocky areas. On the other hand, the pattern is
consistent for the winter season, but the relative value of the different landscape types
may change with season.
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